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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technical means for 
obtaining an active layer having uniform indium composition 
when an active layer composed of group III nitride 
semiconductor crystal containing indium which is expressed by 
a general formula AIQGaRInYN (where 0<Q<1, 0<R<1, 0<Y<1 
and Q+R+Y=1) is formed on a boron phosphide based 
semiconductor crystal layer. 

SOLUTION: An intermediate layer composed of III— V 
compound semiconductor is formed between a boron 
phosphide based semiconductor crystal layer and the active 
layer. The semiconductor has indium composition which is at In- 
most 1/2 of indium composition of the group III nitride 
semiconductor crystal layer forming the active layer. The 
intermediate layer is constituted from a polycrystal layer 
containing crystals different in a crystallinity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] The substrate which consists of a silicon (Si) single crystal, and the Lynn-ized boron system 
semiconducting crystal layer prepared on this substrate, With the interlayer who consists of a group-UI-V- 
semiconducter crystal prepared on this Lynn-ized boron system semiconducting crystal layer The general 
formula AIQGaRInYN which sets to Y (0< Y<=1) the indium presentation established on this middle class In the 
Lynn-ized boron system semiconductor device equipped with the barrier layer which consists of an III group 
nitride semiconducting crystal expressed with (0<=Q<1, 0<=R<1, Q+R+Y=1) [ however, ] The Lynn-ized boron 
system semiconductor device characterized by being 1/2 or less [ of an indium presentation (Y) of the III 
group nitride semiconducting crystal with which said middle class consists of a group-III-V-semiconducter 
crystal containing an indium, and this middle class's indium presentation makes said barrier layer ]. 
[Claim 2] The Lynn-ized boron system semiconductor device according to claim 1 characterized by consisting 
of polycrystal layers which said interlayer turns into from the group-III-V-semiconducter crystal of the 
wurtzite mold (Wurtzite) containing the crystalline of a sphalerite mold (zinc blende). 

[Claim 3] The Lynn-ized boron system semiconductor device according to claim 1 characterized by consisting 
of polycrystal layers which said interlayer turns into from the group-III-V-semiconducter crystal of the 
sphalerite mold containing the crystalline of a wurtzite mold. 

[Claim 4] Said Lynn-ized boron system semiconducting crystal layer consists of Lynn-ized boron nitride and 

indium (BAInDN1-deltaPdelta:0<A<=1, 0<=D<1, A+D=1, 0< delta<=1) mixed crystal, said middle class — an 

alumimium nitride gallium indium (aluminumgammaGabetalnalphaN: — 0< alpha<=0.5, 0<=beta<1, and 

0<=gamma<1 — ) Alpha+beta+gamma = Consist of 1 mixed crystal and said barrier layer consists of alumimium 

nitride gallium indium (AIQGaRInYN:0<Y<=1, 0<=Q<1, 0<=R<1, Q+R+Y=1) mixed crystal. The Lynn-ized boron 

system semiconductor device according to claim 1 to 3 characterized by being alpha<=0.5xY. 

[Claim 5] Said Lynn-ized boron system semiconducting crystal layer consists of Lynn-ized boron and indium 

(BAInDP:0<A<=1, 0<=D<1, A+D=1) mixed crystal. Said middle class consists of gallium nitride indium 

(GabetaInalphaN:0<alpha<=0.5, 0<=beta<1, alpha+beta = 1) mixed crystal. The Lynn-ized boron system 

semiconductor device according to claim 4 which a barrier layer consists of gallium nitride indium 

(GaRInYN:0<Y<=1 , 0<=R<1, R+Y=1) mixed crystal, and is characterized by being alpha<=0.5xY. 

[Claim 6] The manufacture approach of claim 1 which forms said interlayer by organic metal modified chemical 

vapor deposition (MOCVD law) thru/or the Lynn-ized boron system semiconductor device given in 5. 

[Claim 7] The manufacture approach of the Lynn-ized boron system semiconductor device according to claim 

6 which makes said interlayer's growth temperature 700 degrees C - 950 degrees C. 

[Claim 8] Light emitting diode set to claim 1 thru/or 5 from the Lynn-ized boron system semiconductor device 
of a publication. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique for constituting the barrier layer excellent in 
the homogeneity of the presentation which brings about improvement in a component property especially with 
respect to the technique for constituting the Lynn-ized boron system semiconductor device which comes to 
have a barrier layer on the LynnHzed boron system semiconducting crystal layer. 
[0002] 

[Description of the Prior Art] Conventionally, LynnHzed boron (BP) is known as a kind of group III— V 
semiconducter (the Teramoto ****, "semiconductor device introduction" (refer to March 30, 1995, Baifukan 
Issue First edition, and 28 pages).). Since LynnHzed boron is the semi-conductor of a indirect transition mold, 
it is chiefly used for constituting stratum functionale other than a barrier layer with the component (LynnHzed 
boron system semiconductor device) possessing the LynnHzed boron system semi-conductor constituted 
considering LynnHzed boron as a base material. It is in the LynnHzed boron system semiconductor device, for 
example, a light emitting device, and the crystal layer which consists of a LynnHzed boron semi-conductor is 
used as a contact (contact) layer (refer to JP.2-288388.A) for forming not a barrier layer (luminous layer) but 
a buffer coat (referring to U.S. Pat. No. 6,069,021 number), or an ohmic (Ohmic) nature electrode. Moreover, in 
the former, the example constituted as a substrate is indicated [ single crystal / (silicon) / silicon (Si) ] in 
these Lynn-ized boron system semi-conductor light emitting devices (refer to the above-mentioned U.S. Pat. 
No. 6.069,021 number). 

[0003] it is in the conventional compound semiconductor light emitting device, and it comes out of a barrier 
layer (luminous layer) chiefly to consist of group-Ill- V-semiconducter crystal layers of a direct transition mold. 
For example, the barrier layer of near-ultraviolet, blue, green light emitting diode (LED), or a laser diode (LD) 
consists of gallium nitride indium (Ga1-YInYN:0 <=Y<=1) mixed crystal (refer to JP,55-3834,A). Even if it is in 
the LynnHzed boron system semi-conductor light emitting device, the example which sets a luminous layer to 
Ga1-YInYN (0< Y<=1) is well-known (refer to the above-mentioned U.S. Pat. No. 6,069,021 number). It is in the 
conventional Lynn-ized boron system semi-conductor light emitting device, and the luminous layer which 
consists of Ga1-YInYN (0< Y<=1) is prepared on the crystal layer which consists for example, of Lynn-ized 
boron and indium (B1-XInXP:0 <=X<1) mixed crystal. 

[0004] It is in the Lynn-ized boron system semi-conductor of a cubic sphalerite mold (zinc blende), for 
example, the lattice constant of the Lynn-ized boron (boron monophosphide:BP) of a monomer is 4.538A (refer 
to the above-mentioned "semiconductor device introduction" and 28 pages), and it excels in grid adjustment 
with the cubic gallium nitride (GaN) which makes a lattice constant 4.509A (refer to "Japanese crystal growth 
society magazine" Vol.25, No.3 (1998), and A 28 pages). For this reason, possibility of becoming suitable 
[ Lynn-ized boron (BP) ] as a substrate layer at the time of forming III group nitride semiconducting crystal 
layers, such as gallium nitride (GaN), is pointed out (refer to "Japanese crystal growth society magazine" 
Vol.26, and No. 2 (1999) or 29 pages). 
[0005] 

[Problem(s) to be Solved by the Invention] However, even if it is, for example, going to prepare the barrier 
layer which is made suitable to bring about luminescence of short wavelength from the former and which 
consists of Ga1-YInYN (0< Y<=1) on a Lynn-ized boron (BP) layer, it poses a problem that the Ga1-YInYN (0< 
Y<=1) crystal layer which makes an indium presentation (=Y) uniform in the increment direction of thickness is 
hard to be obtained. From the barrier layer which makes an indium presentation uneven in the direction of 
thickness, since luminescence which is excellent in high electron mobility or high monochromaticity cannot be 
obtained, the present condition is having caused trouble to obtaining the Lynn-ized boron system 
semiconductor device which is excellent in a property. 

[0006] This invention is what was made that the trouble in the above-mentioned conventional technique 
should be solved. On the Lynn-ized boron system semiconducting crystal layer, the general formulas 
AIQGaRInYN, such as Ga1-YInYN (0< Y<=1) In preparing the barrier layer which consists of an III group nitride 
semiconducting crystal containing the indium (In) expressed with (0<=Q<1, 0<=R<1, 0< Y<=1, Q+R+Y=1), the 
technical means for obtaining a barrier layer with a uniform indium presentation is shown. [ however, ] 
Moreover, the Lynn-ized boron system semiconductor device which is excellent in an electric or optical 
property using this technical means is offered. 
[0007] 
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[Means for Solving the Problem] Namely, the substrate with which this invention consists of a (1) silicon (Si) 
single crystal and the Lynn-ized boron system semiconducting crystal layer prepared on this substrate. With 
the interlayer who consists of a group-III-V-semiconducter crystal prepared on this LynnHzed boron system 
semiconducting crystal layer The general formula AIQGaRInYN which sets to Y (0< Y<=1) the indium 
presentation established on this middle class In the LynnHzed boron system semiconductor device equipped 
with the barrier layer which consists of an III group nitride semiconducting crystal expressed with (0<=Q<1, 
0<=R<1, Q+R+Y=1) [ however, ] The LynnHzed boron system semiconductor device characterized by being 
1/2 or less [ of an indium presentation (Y) of the III group nitride semiconducting crystal with which said 
middle class consists of a group-III-V-semiconducter crystal containing an indium, and this middle class's 
indium presentation makes said barrier layer ]. 

(2) The LynnHzed boron system semiconductor device given in the above (1) characterized by consisting of 
polycrystal layers which said interlayer turns into from the group-III-V-semiconducter crystal of the wurtzite 
mold (Wurtzite) containing the crystalline of a sphalerite mold (zinc blende). 

(3) The LynnHzed boron system semiconductor device given in the above (1) characterized by consisting of 
polycrystal layers which said interlayer turns into from the group-III-V-semiconducter crystal of the sphalerite 
mold containing the crystalline of a wurtzite mold. 

(4) Said LynnHzed boron system semiconducting crystal layer consists of LynnHzed boron nitride and indium 
(BAInDN1-deltaPdelta:0<A<=1, 0<=D<1, A+D=1, 0< delta<=1) mixed crystal, said middle class — an alumimium 
nitride gallium indium (aluminumgammaGabetalnalphaN: — 0< alpha<=0.5, 0<=beta<1, and 0<=gamma<1 — ) 
Alpha+beta+gamma = Consist of 1 mixed crystal and said barrier layer consists of alumimium nitride gallium 
indium (AIQGaRInYN:0<Y<=1 , 0<=Q<1, 0<=R<1, Q+R+Y=1) mixed crystal. The above (1) characterized by being 
alpha<=0.5xY thru/or the LynnHzed boron system semiconductor device given in (3). 

(5) Said LynnHzed boron system semiconducting crystal layer consists of Lynn-ized boron and indium 
(BAInDP:0<A<=1, 0<=D<1, A+D=1) mixed crystal. Said middle class consists of gall i um nitride indium 
(GabetaInalphaN:0<alpha<=0.5, 0<=beta<1, alpha+beta = 1) mixed crystal. The Lynn-ized boron system 
semiconductor device given in the above (4) which a barrier layer consists of gallium nitride indium 
(GaRInYN:0<Y<=1, 0<=R<1, R+Y=1) mixed crystal, and is characterized by being aipha<=0.5xY. 

(6) The above (1) which forms said interlayer by organic metal modified chemical vapor deposition (MOCVD 
law) thru/or the manufacture approach of the Lynn-ized boron system semiconductor device given in (5). 

(7) The manufacture approach of the Lynn-ized boron system semiconductor device given in the above (6) 
which makes said interlayer's growth temperature 700 degrees C - 950 degrees C. 

(8) Light emitting diode set to the above (1) thru/or (5) from the Lynn-ized boron system semiconductor 
device of a publication. 

It comes out. 
[0008] 

[Embodiment of the Invention] In the 1st operation gestalt of this invention, the Lynn-ized boron system 
semiconducting crystal layer prepared on a silicon single crystal substrate is a layer which contains boron (B) 
and Lynn (P) as a configuration element, for example, consists of a BAAIBGaCInDPI-deltaAsdelta (0< A<=1, 
0<=B<1. 0<=C<1, 0<=D<1, A+B+C+D=1, 0<=delta<1) crystal. Moreover, for example, it is the layer which 
consists of a BAAIBGaCInDPI-deltaNdelta (0< A<=1. 0<=B<1, 0<=C<1, 0<=D<1, A+B+C+D=1, 0<=delta<1) 
crystal. It is in the Lynn-ized boron system semi-conductor light emitting device, and the Lynn-ized boron 
system semiconducting crystal layer which consisted of large semiconducting crystals of a band gap rather 
than the barrier layer (luminous layer) can be used as a barrier layer to a barrier layer. Moreover, the Lynn- 
ized boron system semiconducting crystal layer of high resistance which added oxygen (O) etc. is in a field 
effect transistor (FET), controls leakage of the operating current from a barrier layer, and can use it as a 
buffer coat which is excellent in a mutual conductance (gm), for example. 

[0009] The silicon single crystal (silicon) which has {100} sides, {110} sides, or {1 1 1} sides can be used for a 
substrate. The silicon single crystal which uses as a front face the crystal face which inclined in specific 
crystal orientation can also be used as a substrate. For example, the silicon single crystal which makes it an 
include angle and uses as a front face the {111} crystal faces which carried out the about 7 times (degree) 
inclination can be used for <110> crystal orientation as a substrate. It is in the Lynn-ized boron system semi- 
conductor light emitting device, and since positive/negative and which polar ohmic (Ohmic) nature electrode 
can be laid at the rear face of a substrate, then a substrate, n form or the silicon single crystal of p form 
conductivity can be contributed for constituting a light emitting device simple. The low conductive single 
crystal substrate of specific resistance (= resistivity) which makes resistivity especially more desirably less 
than [ O.lmohm ] contributes for bringing about LED with low forward voltage (the so-called Vf) below 1 milli 
ohm (mohms). Moreover, it becomes effective in constituting LD which brings about the oscillation stabilized 
since it excelled in heat dissipation nature. When are in the Lynn-ized boron system semi-conductor light 
emitting device, making it join to the silicon single crystal used as a substrate and preparing the Lynn-ized 
boron system semiconducting crystal layer, it is desirable to make the same the silicon single crystal of a 
substrate and conduction type of the Lynn-ized boron system semiconducting crystal layer. 
[0010] The Lynn-ized boron system semiconducting crystal layer can be prepared through a buffer coat on 
the above-mentioned silicon single crystal substrate. Especially the buffer coat that consisted of Lynn-ized 
boron system semi-conductor layers of an amorphous substance or polycrystal eases stacking fault affinity 
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with the silicon single crystal which forms a substrate, and demonstrates effectiveness to bring about the 
Lynn-ized boron system semiconducting crystal layer with small crystal defect consistencies, such as a misfit 
rearrangement. Moreover, the boron which constitutes the buffer coat which consists of a Lynn-ized boron 
system semi-conductor layer, and Lynn demonstrate the operation as a "growth nucleus" which promotes 
growth, and take effect to bring about the Lynn-ized boron system semiconducting crystal layer which has a 
continuity on it. For example, the example which constitutes a buffer coat from Lynn-ized boron (BP) of the 
amorphous substance formed at the temperature of 250 degrees C - 750 degrees C by the MOCVD method or 
polycrystal can be given (refer to U.S. Pat. No. 6,069,021 number). As for the thickness of a buffer coat 102, it 
is desirable that it is referred to as 50nm or less by about 1nm or more, and it refers to to 15nm or less by 2 
morenm or more. 

[0011] On the Lynn-ized boron system semiconducting crystal layer, the interlayer who consists of a group- 
Ill-V-semiconducter crystal containing an indium is prepared. The description in the operation gestalt of **** 
1 is to constitute the middle class from an III— V group ghost semiconducting crystal layer which has a specific 
indium presentation (=alpha). Although the middle class consists of group-III-V-semiconducter crystals, such 
as for example, a gallium nitride indium (Ga1-atphaInalphaN), the indium presentation (=alpha) is set to 
0<alpha<=0.5xY. Y is an indium presentation (however, 0< Y<=1) of a barrier layer which consists of an III group 
nitride semiconducting crystal which is formed on an interlayer, and which is expressed with a general formula 
(however, 0<=Q<1, 0<=R<1, Q+R+Y=1) AIQGaRInYN here. If the barrier layer which has a uniform indium 
presentation for example, within a layer has the indium presentation (=Y) of the III group nitride 
semiconducting crystal layer which makes a barrier layer, it is the presentation itself. Moreover, if it is at the 
barrier layer which has inclination in the increment direction of thickness at an indium presentation, it is the 
indium presentation in the front face of the side which touches the middle class. Moreover, if it is in the 
barrier layer of the polyphase structure which consists of an aggregate of a crystal phase which is different in 
an indium presentation, it is the average of an indium presentation of each crystal phase. 
[0012] It is prepared in order that especially the middle class of this invention may bring about the barrier 
layer which makes an indium presentation (=Y) uniform in the depth direction (the growth direction). It is 
stabilized and the barrier layer which has the indium presentation (=Y) of a uniform request in the depth 
direction as it is the high price for which the indium presentation (=alpha) of the group-III-V-semiconducter 
crystal layer which makes the middle class exceeds the mesial magnitude of an indium presentation (=Y) of the 
III group nitride semiconducting crystal which makes a barrier layer cannot be obtained. It originates in 
diffusion of the indium (In) atom from the middle class to a barrier layer side, and the barrier layer uneven in 
presentation to which the indium presentation (=Y) decreased is gradually concluded in the increment direction 
of the thickness of a barrier layer so that it may illustrate to drawing 1 especially. On the contrary, if the 
middle class is constituted from a group-III-V-semiconducter crystal layer which does not contain an indium 
(In), the barrier layer with which a desired indium presentation (=Y) is not filled will become being easy to 
conclude. The barrier layer uneven in presentation to which the indium presentation fell in the field by the side 
of the middle class of the deep part of a barrier layer is concluded so that it may illustrate to drawing 2 
especially. Even if it uses the barrier layer which consists of an III group nitride semiconducting crystal with 
such an uneven indium presentation (=Y) as a luminous layer, various luminescence corresponding to change of 
an indium presentation (=Y) arises, and it does not come to obtain the Lynn-ized boron system semi- 
conductor light emitting device which brings about luminescence which is excellent in monochromaticity. 
[0013] Moreover, on the interlayer exceeding the mesial magnitude (= 1/2) of an indium presentation (=Y) of 
an indium presentation (=alpha) of a barrier layer, the barrier layer which is excellent in surface surface 
smoothness can be stabilized, and cannot be formed. If alpha exceeds 0.5xY, irregularity will become rapidly 
remarkable on the surface of a barrier layer. A smooth junction interface cannot consist of barrier layers of 
the front face were rudely ruined. Even if it means the thing which use as an electronic transit layer (channel 
layer) the barrier layer which follows, for example, has such a coarse front face and for which it has hetero 
(different species) junction structure, uses, and the high mobility FET is constituted, the interior of the 
channel (channel) layer near the heterojunction interface cannot be made to carry out localization of the two- 
dimensional electron efficiently, but two-dimensional electron gas FET (TEGFET) which is excellent in a 
mutual conductance (gm) is not obtained, but becomes inconvenient. As for the interlayer who uses for 
TEGFET, it is desirable to constitute from same conduction type as an electronic transit layer or a group-III- 
V-semiconducter crystal layer of high resistance. Moreover, the thickness of the interlayer who can use 
suitable for FET is 1/2 or less [ of a barrier layer ]. For example, thickness suitable as an interlayer about the 
barrier layer which sets thickness to 1 5nm is under 7.5nm. Furthermore, it is about 5nm or less preferably. 
Thickness does not come [ therefore ] to cover the whole front face of the Lynn-ized boron system 
semiconducting crystal layer of a substrate with the interlayer of less than about 1 nm ultra-thin film to 
homogeneity, and serves as trouble by him obtaining the depth direction or the barrier layer which has a 
uniform indium presentation superficially. 

[0014] As compared with the thickness of a barrier layer, the interlayer of excessive thickness may become 
the factor which causes trouble to improvement in the property of the Lynn-ized boron system semiconductor 
device. Many of groups III— V semiconductor for constituting an interlayer are semi-conductors of a direct 
transition mold (refer to the above-mentioned "semiconductor device introduction" and 28 pages). It follows, 
for example, is in the Lynn-ized boron system semi-conductor light emitting device, and, in addition to a 
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barrier layer, luminescence from ah interlayer may occur secondarily according to the component operating 
current which flows into an interlayer. With the operation gestalt of **** 1, since it (=Y) of a barrier layer is 
making the indium presentation (=alpha) different even if it is, when it constitutes the middle class from same 
ingredient as a barrier layer, the wavelength of secondary luminescence from the middle class differs from the 
luminescence wavelength from the barrier layer for which it originally asks. Usually, since the reinforcement of 
secondary luminescence from an interlayer increases, it serves as trouble obtaining the Lynn-ized boron 
system semi-conductor light emitting device which is excellent in the monochromaticity of luminescence, so 
that an interlayer s thickness is made into size. If an interlayer s thickness is made or less [ of the thickness of 
a barrier layer ] into 1/2, the reinforcement of secondary luminescence will be reduced rapidly. The 
conduction type of the interlayer who uses for constituting a light emitting device is made in agreement with 
any of a barrier layer or the Lynn-ized boron system semiconducting crystal layer they are. 
[0015] The barrier layer of this invention prepared on the middle class consists of III group nitride 
semiconducting crystals expressed with the general formula (however, 0<=Q<1, 0<=R<1, Q+R+Y=1) 
AIQGaRInYN which sets an indium presentation to Y (0< Y<=1). The barrier layer of the Lynn-ized boron 
system semiconductor device concerning this invention can also consist of quantum well (Quantum WelhQW) 
structures. For example, the crystal layer which consists of Ga1-YInYN (0< Y<=1) etc. the barrier layer 
prepared on the Lynn-ized boron system semi-conductor layer can also consist of the singles (Single 
QW:SQW) or multiplex (Multi QW:MQW) structures which it had as a well (well) layer. A barrier (barrier) layer 
can consist of an alumimium nitride gallium (aluminum1-XGaXN:0 <=X<=1), GaN1-deltaPdelta (0<=delta<=1), 
etc. If the barrier layer which this invention says is in quantum well structure, or it brings about luminescence, 
it is a well layer an electron runs. Therefore, even if it faces preparing the quantum structure on the Lynn- 
ized boron system semiconducting crystal layer, after preparing the middle class of this invention for example, 
on a barrier layer, there is an advantage to which forming a well layer then the depth direction, or the well 
layer (barrier layer) that makes an indium presentation (=Y) uniform superficially is brought. 
[0016] The 2nd operation gestalt of this invention constitutes an interlayer from the polycrystal layer which 
consists of a group-III-V-semiconducter crystal which has the special crystal structure. That is, it constitutes 
from a polycrystal layer which consists of a group-III-V-semiconducter crystal of the wurtzite mold (Wurtzite) 
containing the crystalline of a sphalerite mold (zinc blende). It does not consist of crystals of a single crystal 
mold uniformly, and the crystal layer in which the crystal of such a different crystal mold is intermingled is 
called a polycrystal layer by this invention. For example, the middle class who prepares on the Lynn-ized 
boron system semiconducting crystal layer which consists of Lynn-ized boron (BP) of a monomer consists of 
polycrystal layers of the gallium nitride indium (Ga1-alphaInalphaN:0<alpha<=0.5xY) of the wurtzite mold 
containing the crystalline of a sphalerite mold. Since the Lynn-ized boron system semiconducting crystal 
generally has the crystal structure of a sphalerite mold, when it constitutes an interlayer from a crystal layer 
of a wurtzite mold, the operation which eases the lattice strain which originates in the coefficient of thermal 
expansion between the Lynn-ized boron system semiconducting crystal layer and an interlayer or the 
difference in a lattice constant, and is generated is acquired from the interlayer containing the crystalline of 
such a sphalerite mold. Moreover, an interlayer absorbs Lynn (P) diffused in a barrier layer side from the 
Lynn-ized boron system semiconducting crystal layer of the substrate at the time of membrane formation of a 
barrier layer, and takes effect to control the atomic concentration of Lynn (P) in a barrier layer. 
[0017] The 3rd operation gestalt of this invention constitutes from the group-III-V-semiconducter crystal 
layer which has the crystal structure which is different from the above in an interlayer. That is, it constitutes 
from a polycrystal layer which consists of a group-III-V-semiconducter crystal of the sphalerite mold 
containing the crystalline of a wurtzite mold. For example, it constitutes from a polycrystal layer of the group 
III-V semiconducter of the sphalerite mold containing the crystalline which consists of a gallium nitride indium 
of a wurtzite mold. The interlayer who consists of polycrystal layers which consist of a group-III-V- 
semiconducter crystal of the sphalerite mold containing the crystalline of a wurtzite mold since an III group 
nitride semiconducting crystal is generally a wurtzite mold eases the lattice strain which originates in the 
coefficient of thermal expansion between the barrier layers which consist of an interlayer and an III group 
nitride semiconducting crystal, or the difference in a lattice constant, and is generated, and has the operation 
which brings about the barrier layer which is excellent in crystallinity. Moreover, an interlayer absorbs Lynn (P) 
diffused in a barrier layer side from the Lynn-ized boron system semiconducting crystal layer of the substrate 
at the time of membrane formation of a barrier layer, and takes effect to control the atomic concentration of 
Lynn (P) in a barrier layer. 

[0018] The 4th operation gestalt of this invention constitutes the Lynn-ized boron system semiconducting 
crystal layer from the Lynn-ized boron nitride and indium (BAInDN1-deltaPdelta:0<A<=1, 0<=D<1, A+D=1, 0< 
delta<=1) mixed crystal. The middle class who prepares on the Lynn-ized boron system semiconducting crystal 
layer is constituted from alumimium nitride gallium indium (aluminumgammaGabetaInalphaN:0<alpha<=0.5, 
0<=beta<1, 0<=gamma<1, alpha+beta+gamma =1) mixed crystal. And a barrier layer consists of alumimium 
nitride gallium indium (AIQGaRInYN:0<Y<=1 , 0<=Q<1, 0<=R<1, Q+R+Y=1) mixed crystal. It is referred to as 
alpha<=0.5xY here. From the Lynn-ized boron nitride and indium mixed crystal, there is an advantage which 
can constitute the Lynn-ized boron system semiconducting crystal layer which carries out lattice matching to 
the silicon single crystal used as a substrate (refer to JP, 2000-2221 1 ,A). Moreover, since alumimium nitride 
gallium indium mixed crystal is a kind of wideband gap (wide bandgap) ingredient, it can constitute a barrier 
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layer convenient for carrying out outgoing radiation of a near-untraviolet band light or the short wavelength 
visible band light. Moreover, it has the specified indium presentation (it is alpha<=0.5xY at alpha, however 0< 
alpha<=0.5). And the interlayer who consisted of alumimium nitride gallium indium 

(aluminumgammaGabetaInalphaN:0<alpha<=0.5, 0<=beta<1, 0<=gamma<1, alpha+beta+gamma = 1) mixed crystal 
which comes to contain the configuration element of a barrier layer While offering the "growth nucleus" in 
growth of a barrier layer and promoting membrane formation of a barrier layer, a barrier layer with a uniform 
indium presentation (=Y) can also be hung down. 

[0019] Furthermore, the 5th operation gestalt of this invention constitutes the Lynn-ized boron system 
semiconducting crystal layer from Lynn-ized boron and indium (BAInDP:0<A<=1, 0<=D<1, A+D=1) mixed 
crystal. The middle class who prepares on the LynnHzed boron system semiconducting crystal layer is 
constituted from gallium nitride indium (GabetaInalphaN:0<alpha<=0.5, 0<=beta<1, alpha+beta = 1) mixed 
crystal. A barrier layer consists of gallium nitride indium (GaRInYN:0<Y<=1, 0<=R<1, R+Y=1) mixed crystal. It is 
referred to as alpha<=0.5xY here. BAInDP mixed crystal has more few configuration elements, therefore can 
perform formation of the Lynn-ized boron system semiconducting crystal layer as it is simple. The Lynn-ized 
boron system semiconducting crystal layer used as the barrier layer (cladding layer) to a barrier layer 
(luminous layer) can consist of Lynn-ized boron (BP) crystal layers of the monomer which makes the band gap 
in a room temperature about 3eV order especially. Moreover, the buffer coat of for example, an FET 
application can consist of Lynn-ized boron (BP) crystal layers containing impurities, such as oxygen (O), of 
high resistance. Moreover, since whenever [ mutual lattice mismatch ] can be performed with smallness if 
constituted from the same ingredient as a barrier layer although an indium presentation differs in the middle 
class, a good barrier layer with low crystal defect consistencies, such as a misfit (misfit) rearrangement, can 
be constituted. Especially the interlayer that consists of a wurtzite mold crystal intermingled in the crystalline 
of a sphalerite mold can contribute for bringing about the barrier layer which is excellent in crystallinity with 
few crystal defect consistencies. 

[0020] The interlayer who consists of a group-III-V-semiconducter crystal can form membranes like the Lynn- 
ized boron system semiconducting crystal layer or a barrier layer with growth means, such as organic metal 
modified chemical vapor deposition (MOCVD law), for example, boron triethyl (C2H5) (3B) / cyclopentadienyl 
indium (C5H5In) / phosphine (PH3) raw material system MOCVD — it depends on law and membranes can be 
formed, an indium raw material, then a polymer(polymer)-ized reaction with PH3 control C5H5In which does 
not present strong Lewis acid nature to PH3 of the Lewis (Lewis) basicity — having — MOCVD under 
ordinary pressure (abbreviation atmospheric pressure) — the interlayer who contains a good indium also by 
law can be formed (refer to Japan JP,2098388,B). It faces depending on the MOCVD method and forming the 
middle class, and the thickness can be controlled by the amount of supply and its supply time amount of a raw 
material of an III group configuration element, such as boron (B) to a silicon single crystal substrate top, and 
an indium (In). The middle class's indium presentation (=alpha) changes the rate of the ratio of concentration 
of the amount of supply of the indium raw material to the total amount of the amount of supply of an III group 
configuration element, and is adjusted. Moreover, an interlayer's carrier concentration depends on ****(ing) 
and choosing the ratio (the so-called V/III ratio) of the amount of supply of V group configuration element to 
the amount of supply of the raw material of an III group configuration element, or adds and (doping) adjusts an 
impurity intentionally. As an impurity suitable for obtaining the interlayer of n form, silicon (Si), tin (Sn), sulfur 
(S), a selenium (Se), a tellurium (Te), etc. can be illustrated. There are zinc (Zn), magnesium (Mg), carbon (C), 
etc. in the dopant (dopant) of p form. 

[0021] By the MOCVD method, on the Lynn[ which was prepared on the silicon single crystal substrate ]-ized 
boron system semiconducting crystal layer which consists of a Lynn-ized boron (BP) crystal of a monomer, for 
example It faces forming the interlayer who consists of alumimium nitride gallium indium 

(aluminumgammaGabetaInalphaN:0<alpha<=0.5, 0<=beta<1, 0<=gamma<1, alpha+beta+gamma = 1) mixed crystal, 
and it is the range of about 750 degrees C - about 1200 degrees C, and, as for the Lynn-ized boron crystal 
layer, it is desirable to form membranes. At the elevated temperature exceeding about 1200 degrees C, the 
Lynn-ized boron crystal of the polymer of B6P and B13P2 grade is generated, and the homogeneous crystal 
layer which consists of LynnHzed boron of a monomer is not obtained, but it is unsuitable. It is suitable that an 
interlayer forms membranes from it in [ low-temperature ] about 700 degrees C - about 950 degrees C. If the 
interlayer who makes an indium presentation (alpha) size makes membrane formation temperature low 
temperature, the interlayer of a flat front face will be obtained. In order to form the interlayer who consists of 
an III group nitride semiconducting crystal layer containing aluminum (aluminum), it is suitable to make 
membrane formation temperature into an elevated temperature comparatively in the above-mentioned 
temperature requirement. Although an indium presentation is different, when the barrier layer which carries 
out a laminating on the middle class is constituted from same crystal ingredient, there is an advantage which 
can form a barrier layer simple at the temperature of an abbreviation EQC with the middle class. The indium 
presentation (alpha or Y) of the middle class or a barrier layer can carry out a quantum using component- 
analysis means, such as an X-ray diffraction method, a secondary ion mass spectrometry (SIMS), and the 
Auger (Auger) spectral-analysis method (AES). 
[0022] 

[Function] The middle class who has the indium presentation which was established in the middle with the 
barrier layer which consists of a silicon single crystal substrate and an III group nitride semiconducting crystal 
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layer containing an indium, and which was specified based on the indium presentation of a barrier layer has the 
operation which makes the indium presentation of a barrier layer equalize. Moreover, it has the operation 
which brings about the barrier layer which is excellent in surface surface smoothness. 

[0023] Moreover, the interlayer who consists of a polycrystal layer containing the crystalline which has the 
indium presentation specified based on the indium presentation of a barrier layer, and is different in a crystal 
mold has the operation which brings about the barrier layer which is excellent in crystal I inity. 
[0024] 

[Example] It mentions to the example which produced the light emitting diode (LED) which consists of a Lynn- 
ized boron system semiconductor device, and the contents of this invention are explained concretely. The 
mimetic diagram of LED1B concerning this example is shown in drawing 3 . Moreover, the cross section of 
LED1 B in alignment with broken-line X-X' shown in drawing 3 \ s shown in drawing 4. . 

[0025] Laminating structure 1 A of an LED1B application constituted Si single crystal of p form which added 
the boron (B) which uses the crystal face (1 1 1) as a front face as a substrate 101. a substrate 101 top — 
boron triethyl (C2H5) (3B) / phosphine (PH3) / hydrogen (H2) system ordinary pressure MOCVD — the buffer 
coat 102 which consists of Lynn-ized boron which makes an amorphous substance a subject in the state of 
as-grown at 350 degrees C by law was deposited. The thickness of a buffer coat 102 could be about 10nm. 
The laminating of the Lynn-ized boron system semiconducting crystal layer 103 which consists of a monomer 
Lynn-ized boron (BP) crystal of p form where it was made to grow up at 1050 degrees C was carried out to 
the front face of a buffer coat 102 using the above-mentioned MOCVD vapor growth means. Carrier 
concentration of the Lynn-ized boron system semiconducting crystal layer 103 of p form was set to 
abbreviation 7x1018cm-3, and thickness could be about 400nm. The band gap in the room temperature of BP 
layer of the monomer which makes the Lynn-ized boron system semiconducting crystal layer 103 of p form 
was 3.0eV about. 

[0026] the Lynn-ized boron system semiconducting crystal layer 103 top of p form — trimethylgallium (CH3) 
(3Ga) / cyclopentadienyl indium (C5H5In) / ammonia (NH3) / H-2 system ordinary pressure MOCVD — the 
laminating of the interlayer 104 who consists of an n form gallium nitride indium (GaO.94InO.06N) of the 
wurtzite crystal mold which sets an indium presentation to 0.06 (= 6%) by law was carried out. An interlayer's 
104 membrane formation temperature was made into 800 degrees C, and thickness could be 15nm. From the 
cross-section TEM image using a transmission electron microscope (TEM), and the limit visual field electron 
diffraction graphic form, existence of crystalline 104a of a sphalerite mold was checked inside the interlayer 
104. Crystalline 104a existed to the field near the junction interface with the Lynn-ized boron system 
semiconducting crystal layer 103 mostly especially. The magnitude of crystalline 104a was about 2nm to about 
5nm in general. 

[0027] On the middle class's 104 front face, the barrier layer (luminous layer) 105 which consists of a Wuts 
ore type (Silicon Si) dope n form gallium nitride indium (Ga0.85In0.15N) which sets an indium presentation to 
0.15 (= 15%) was deposited. Membrane formation temperature of a barrier layer 105 was made into 800 
degrees C as well as the interlayer 104, and thickness could be about 300nm. Moreover, the carrier 
concentration of a barrier layer 105 was set as abbreviation 6x1017cm-3. Distribution of the depth direction of 
an indium presentation of the barrier layer 105 interior which depended on the secondary ion mass 
spectrometry (SIMS), and was measured was as uniform as about 0.15 until it resulted in the junction interface 
with an interlayer 104, as shown in draw ing 5 . An interlayer's 104 capture operation over the Lynn (P) atom 
which the concentration of the Lynn (P) atom in the contrant region of the barrier layer 105 near the junction 
interface with an interlayer 104 is less than [ about 1x1 01 8cm - ] three, and is diffused from the Lynn-ized 
boron system semiconducting crystal layer 103 of p form had manifested itself. Moreover, in observation by 
cross-section TEM technique, most rearrangements penetrated in a barrier layer 105 from the Lynn-ized 
boron system semi-conductor layer 103 were not checked by looking. 

[0028] On the barrier layer 105, the laminating of the Lynn-ized boron system semiconducting crystal layer 
106 of n form which consists of Lynn-ized boron (BP) of a monomer was carried out. Carrier concentration of 
the Lynn-ized boron system semiconducting crystal layer 106 of n form was set to abbreviation 1x1019cm-3, 
and thickness could be about 400nm. The Lynn-ized boron system semiconducting crystal layer 106 of n mold 
constituted the band gap in a room temperature from a Lynn-ized boron crystal of a monomer set to 3.0eV 

about, n — a form — Lynn izing — boron — a system — a semiconducting crystal — a layer — 106 — 

and — p — a form — Lynn izing — boron — a system — a semiconducting crystal — a layer — 103 — a 

barrier layer — 105 — from — the middle class — 104 — p — a form — Lynn izing — boron — a system 

— a semiconducting crystal — a layer — 103 — pn junction — structure — having had — double — a hetero 

— ( — DH — ) — structure — a light-emitting part — having constituted . 

[0029] In the center section of the front face of the Lynn-ized boron system semiconducting crystal layer 106 
of n form, the surface ohmic electrode 107 of the three-tiered structure which serves as the plinth electrode 
for connection has been arranged. The surface ohmic electrode 107 set the diameter to about 120 
micrometers, and made it circular. Part 107a in contact with n form Lynn-ized boron semiconducting crystal 
layer 106 of the surface ohmic electrode 107 consisted of vacuum deposition film (thickness **700nm) of 
golden (Au) and a germanium (germanium) alloy. On Au-germanium vacuum deposition film 107a, nickel (nickel) 
vacuum deposition film (thickness **100nm) 107b covering of was done. Au vacuum deposition film (thickness 
**1000nm) 107c was made to put on nickel vacuum deposition film 107b. On the other hand, the conductivity 
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of the p form Si single crystal substrate 101 was utilized, and the rear-face ohmic electrode 108 which 
consists of (Aluminum aluminum) vacuum deposition film (thickness **700nm) has been arranged ail over the 
abbreviation for the rear face of a substrate 101. Then, laminating structure 1 A was judged along the direction 
parallel to the <21 1> crystal orientation of Si single crystal of a substrate 101, and perpendicular, and it was 
referred to as LED1B of the square which sets one side to about 350 micrometers. 

[0030] Between the surface ohmic electrode 107 and the rear-face ohmic electrode 108, conduction of the 
operating current of 20mA (mA) was carried out to the forward direction, and the luminescence property of 
LED1B was investigated. Emission center wavelength was set to 460nm. The middle class's 104 indium 
presentation (= 0.06) was written below in the mesial magnitude (= 1/2) of an indium presentation (= 0.15) of a 
barrier layer 105, and luminescence secondary in addition to this main emission spectrum was not accepted, 
but luminescence was what is excellent in the monochromaticity which sets half-value width (=FWHM) to 
about 20nm. Moreover, according to an operation of the interlayer 104 who consists of a configuration 
containing the crystalline from which a crystal mold is different, since the barrier layer 105 with few 
penetration rearrangements was brought about, the brightness measured in the state of a chip (chip) using a 
common integrating sphere became a 9mm candela (mcd). Moreover, the forward voltage (Vf) called for from 
the usual current-electrical-potential-difference (I-V) property was about 3.7V (forward current = 20mA). 
Moreover, the reverse voltage (Vr) which is an electrical potential difference at the time of a reverse current 
reaching 10microA is about 10v or more, and the good pn junction property (rectifying characteristic) 
manifested itself. As mentioned above, a result provided with the Lynn-ized boron system semi-conductor 
LED which is excellent in pressure resistance was brought, presenting high luminescence reinforcement to this 
invention therefore. 
[0031] 

[Effect of the Invention] The substrate which consists of a silicon single crystal, and the Lynn-ized boron 
system semiconducting crystal layer prepared on the substrate, With the interlayer who turns into a substrate 
layer of the barrier layer prepared on the Lynn-ized boron system semiconducting crystal layer It faces 
constituting the Lynn-ized boron system semiconductor device using the barrier layer which consists of an III 
group nitride semiconducting crystal which sets an indium presentation to Y (0< Y<=1) on the middle class. In 
this invention Since an interlayer is constituted from a group III— V semiconducter of 1/2 or less indium 
presentation of an indium presentation of an III group nitride semiconducting crystal layer who makes a barrier 
layer For example, it is in the Lynn-ized boron system semi-conductor light emitting devices, such as LED, 
secondary luminescence which disturbs the monochromaticity of luminescence can be avoided, and effect is 
taken to bring about the light emitting device which is excellent in monochromaticity. 

[0032] Moreover, in this invention, since the middle class was constituted from a polycrystal layer containing 
the crystalline to which a crystal mold is different from making the middle class's indium presentation or less 
[ which makes a barrier layer / of an indium presentation of an III group nitride semiconducting crystal layer ] 
into 1/2 in addition, the light emitting diode which consists of a Lynn-ized boron system semiconductor device 
which is excellent in luminescence reinforcement and an electric proof-pressure property, for example has 
been offered. 
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* NOTICES * 

JPO and NCIPl are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing distribution of an indium presentation of the depth direction of a barrier layer 
when the middle class's indium presentation is high. 

[Drawing 2] It is drawing showing distribution of an indium presentation of the depth direction of a barrier layer 
in case the middle class does not contain an indium. 

[Drawing 3] It is the mimetic diagram of LED concerning the example of this invention. 

[Drawing 4] It is the cross section of LED in alignment with broken-line X-X' shown in drawing 3 . 

[Drawing 5] It is drawing showing distribution of an indium presentation of the depth direction of the barrier 

layer concerning the example of this invention. 

[Description of Notations] 

1A Light emitting device (LED) application laminating structure 
1B LED 

101 Substrate 

102 Buffer Coat 

103 Lynn-ized Boron System Semiconducting Crystal Layer of P Form 

104 Interlayer 
104a Crystalline 

105 Barrier Layer 

106 Lynn-ized Boron System Semiconducting Crystal Layer of N Form 

107 Surface Ohmic Electrode 

107a Au-germanium vacuum deposition film 
107b nickel vacuum deposition film 
107c Au vacuum deposition film 

108 Rear-Face Ohmic Electrode 
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[0005] 

1-YI nyN (0<YS1) A^fc&SlxB^y ><b«3i3!§ 
(BP) H±lcSl+«fc?tLTt. e»<OtiliD^|p]lC'i' 
^S^Afflfifc (=Y) ita-t^iG ai-Y I nyN (O 
<Y^1) jgSBA<»f,*lHL^CtA<Bgfiii:'S-3rL> 
-f>i?-!7Afflja$B«*l5|-C^-i:-r-5jSttSA^ 

[0 0 0 6] *#6lBI*. ±8B©tt*fttBK»$lt*>F.gSijS 

*»*-r-<<'Ef*tvf=tro-e. y Xbfflist^iittisg 

BJlIC Gal-yl nyN (0<Y^1) S?©-fift3tA I 
QG a R I nyN «IU 0^Q<1. 0^R<1. 0< 
Y^K Q + R + Y= 1 ) -Ca^StlS-f (I 

n) i i&sfc&^ttjsg^fc-sstt 

B£KI+ Sl-fefcy . >f >$>-7Afflja*<i9-<fSteB£ 
^•5fctf>0)8ttl5#KSffi^-r-S)t(O-e&-5„ Sfc. COT 

[0007] 

sit€.Hfc y isitmmm*m&*iifkmt. ay ^itmm 

^*aH*®SBJil-ig(+c,*tfc I I l -vSMb£«j*il 
<*®S^P»ft-54>F^Bi:, K*HB±lcSltc,tifc-l' > 
S^AffljfcSY (0<Y^1) t-T^-flftSCA iQGaR 
I nyN (@L, O^Q<1. O^R<1. Q+R+Y 
= 1) -t?a*5*Hi»I I I«tB1b«l¥*it:tta^&«:« 
SttBttli*fcy ><bffl!*m*i»{*3ft^l=»^T. m 

G*HB*<<r i i i-v8Hb£»¥ 

BttlftA* &tt y . K>f ^BOT-f >i?-7AffifieA<SfFKjS 

(y) ©i/2jaT-efe-s;ii: £>y >itmm 

(2) MtS4>IS1BA<. WffifafitS! (zinc b I e n 
d e) 0)t£&&£-£t;'5)l,ymm. (Wu r t z i t e) 

mrfLZtLZct*ft&t+z>±& d) i=EK©y><b 

BBS*****. 

(3) flTE*|yjB*<. -7;U^I4Sa>ISatt:*#t;WSfa 
H1<0I I I -V&fc^&¥»#$SSA^fc*£«SIIB 
^"b«tfife*4x*ci:^ai:-r-5±IB (1) l-EKro'J 

( 4 ) £982 y ><bffl]J&m¥Bt«SllB*< 'J ><bg<b59!* 
••O^A (BA I npNl-^Pfi = 0<A^U 0 ^ 



D<1. A + D=1. 0<«^1) ;1S*>*>Bfi6**U 
HE+WB*<S<b7';U5-'7A • *'y-7A • -f>i?-7A 
(A I r G a 0 I n a N : 0<£T^0. 5. 0 ^ 0 < 

i. osr<i, . a + /S + r=D ll^&irtd 

*U MESt±BA^bT;U5--7A • tfU9A • -f>2? 
Oi» (A iQGaRl nYN : 0<Y|1, 0^Q< 1 , 
0^R<1, Q+R + Y=1) ;1g^t>«J«;**u or^ 

0. 5xYT?ftSwi^fflit§±E (1) M 
( 3 ) KE«(D 'J XMHt 

( 5 ) atrEy >*bflfi*&#aM*$ssB/><y MbB* • •< 

(BA I nOP : 0<A^1. 0^D< 1 . A + 
D=1) jlSA^Bfifc^tu ffirE*BlB3b<a8<b*fy^A 
• (Ga£ln a N:0<or^O. 5. O^ 

0<1. cr + )8=1) SAfr&£££ii. j§ttBA<S<b 
**'J"7A • -f ( G a R I nyN : 0<Y^ 1 . O 

<R<1. R + Y=1) ;1S*^atfi8*H» a^O. 5 
x Yn&Z>zt&&mtT&±1Z (4) lcE«<DyMb 
BBS****?. 

(6) BE*MB$*tt*B<b¥ttSMB£«a (MOC 

VD&) T?fiesa-r*±E d) «ci*l (5) icEttroy 
xbffl*m¥3H**^OTi?jt^ai. 

(7) SI)E*iaBC0fiftSSJS$7OO , 'C~9 5O o Ci-r 
£±E (6) KE«© 'J ><bffl8*^3lt*:*T<OS!jS^ 

m. 

(8) ±E (1) fcl>L (5) f::5e«<D'JMbffl!5fe£¥ 
[0 0 0 8] 

ttBBMBBtt±l::ttit«y 
Bl*. 88* (B) t'J> (P) ££«jSt£*£ Ltt 
t,\ 0Q*.l£. BAA iBGaQl nDPl-5Asfi (0<A 
S1. 0^B<1, 0^C<1. O^D<1. A + B + 
C + D=1. 0^<S<1) jgg*t>fc.5BT?fc-&„ * 
fc, BAA iBGaQl nDPl-fiNfi (0<Ag 

1. 0^B<1. 0^C<1. 0^D<1. A + B + C 
+ D=1. 0^<5<1) SS^&'Jf-SB-eft-S. 'JMb 
fflllgS^ttieit^lca&o-C, 5S14B («63feB) «fc U 

^**t*eSBlijSttBir»-r*BMB<!: LTfUffltS 
5. Sfcs (O) ^*»ADUf:S«ta©y 

MbB*£¥5»{**SgBI*, eflxiS. ®#SbSShv> 
(FET) l:*ot. S14BA^e,(01Sf^fl3i^(Djl 

/ifi^WML. «s=i>y^^>x ( gm ) iz&tizmm 

[0009] stsirii, {loo} a. {110} a. 
sum* {111} s^wr-sammisa ('>')□» * 

■rs^**jgs=bs ststLTfi}fflt?#i.. mz.it. < 

1 1 0>^fi^|SjlcftSI-UTS8?)7fi C ) Ifc&Ltz 



(4) 
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(111) jSSH£a®£^Sg*iM8ll£atRi:LT 
©SffiKiEfl. fflftAMBtilt©*— 5 -y? (Ohmi 

c) lima mm\zm>tm*£mf&-r 

ftd. »fit*£l 5'J:*— A (mQ) 
J:iJS*L<l*0. 1 mQJUTi:-r-5ffit^it«ta 

if. Vf) <0fiLNLEDStfcf.-ri=Sffi)5-r*. *fc. 

SKweaBSiaiT-**^ ssaaflcaisa*: >)>itm 
[0010] ') >itmm&*mttm&mi*. ±&o>mm 

jrr*. vMbras&¥3H*B*&ft£««B£ 

#3!t*!S&B£ : bfct.-fl=Jai££3lf flllxlf. MO 
CVDj*|r,fcy 2 5 01C~7 5 0°Ca>SJ£T5fl2fiRLf::# 

&m*tzi*&t$ik<D<) ^itmm (bp) **iiffiB£flt 
(a-r^cus^if e>*t-s (*h^6. o6 9. 02 i§ 

#RS) , ISH 0 2<J>mBlt#n nma±U5 0nm 
JMT. Ml-I*2 nmJU±-C?1 5 n m&LT t~? -5<0A<»* 

[0 0 1 1] 'J Mb?fflifc£¥3*<«S8»-tl=(*. -<>i? 

I I I -V&<b£&¥3M*fSa)!>^ft* 

+RsiB£g*it*. *m i o>nmK®\ztei+z>ftm*. * 

RgB^JEro-Oi^ASfij* (=cr) £*"fi>I I I- 
V^bfel#j»tt:SS®3!>^1i)aLT^i.Ci:lcjb*„ * 

p$mitmz.\t. s^'j^a • -o-^a (Gai- a i 
n a N> moi i i -viss<b^4i*«;jasA^'bflifie-r 

-f-<D-l'>i?^A|§ja (=a) li, 0<cr^0. 5 
xYit§. CC-CYI*. t*>RgB<0±l=H£J*£;h-5. - 
ISitA I QG aR I nyN «1U O^Q<1, 0^R< 
1. Q+R+Y=1) I Itti3<b&¥i* 

f*fta*£ft-5;£ttB<D-r >S?-7A*§)a (flL0<Yg 

D -c-fca, 5§i4B£ft-r i i i Tm\vto*m#&&m 

o>4^isOAt&i8. (=y) tii. «*tf. 

*aja £ &eaffi®aft tt* & * 4 $ffi«iga>sit 



[0 0 12] *S6W<D*KHI*, ftlcas^iS) (figg^ 

iso (=^>i?t7Aiiafie (=y) s^-i-r-sstte^t 
i -vgnb^^^jaaHOT-fv^^Aijaja c=a) 
*&!& (=y> <o#<i^i^xi.sfii-cfc-i><t, a?*^[6ii- 

£|-ftfilfiSa>f>i?'7A*fil£ (=Y) £*rf £j§14B£ 

3?s ft ^ic, 01 i-^PK-r-ssn 

+fyjB*S>314BfiJ^<D-<>^0A (In) IS?-© 
tttilcfiHL-C, SttB<DBff<Diffl];£[6]|c;«#U -f> 

s^-mbj* (=y) *<3a'>Lf=iia«a<)i=^-'Ef, : sttB 

A<»$S**l*o *raS^-f>i?t7A (In) 

*ftI,W I I -vSHb^«5*5»«:^S®A^«J«-r^ 
«!:. BfrM«>-f :/3?4AflMK (= Y) (=afe&l«3ttB4< 
»IS*tt^<ft-5o ftlc. 0 2lcC!l^-r-5«I=s SttB 
O>aS8l50>4'fi8Bfla<a«J$l-JH^-C'f Vi^AIS/SAMST 
Lf=«afi8W(c^-ftS14BA<»e*+i*. -(BtSft-f 

isvOAmm. (=y) ©*i§-fti i i maitfe*** 

tSSA^ft-5S1±B^f63tBt L-CfiJfflL-Ct. OS 
^AffljS (=Y) <D3E1bl-S=HCLfca>5?<7)fBJt3!i<*C. 

tfc f>-T -J ><bl)J!St£¥#tt:S63fc 

[OO 1 3] £fc. ^>S?^Aja/S (=a) SteB 
©-Ov^Affl^ (=Y) <D#fiS (=1/2) £jg;c-5> 
=t(Ot-r-i>+HB±l-li. SSOTSFSHI-atv^JStiB 
$SSLTJKia-P*'5:L^ of*<0. 5 x y£S8x.-5£. 
j§i4B©SSI-IH(a*<aStlcgSi: ffli«l-^ttfc 

ot, cdxi*. cro«ftiastfta®^-r*5st4B$s 
i-ikftm (^-v^ub) tts^fp (ma) s^«jg 
Lxmm LT&&9im fet $««-r * c t zmm lx 

^T-Pffi^HOifieO^-V^^U (c h a n n e 

xzr. «s=i>y^^>x ( gm ) icg*i*2;^7c« 

^XFET (TEG FET) li^&tfr^tB^i: ft 
■So TEGFETICfllffl-r-6 + fBlBli, S^-jttTBtH 

-<7>e3UKDt^i*Si»ta(o i i i -vmit-&m*mwi& 

SBA^e,fltfiE-r-5(DA<M*Lt^„ FETI-WSl- 
*]ffl-e#-5*raB<0Bffl*;§teB<D 1 /2lilT-Cfc*. 

BJl^l 5 nmfr*S1±BI-O^T, +BUB 
i LTSTaftBI5(±7. 5nmTt*4. Ml-. »*L 
< l***J 5 nmKkTXSb&o BJ!A<$*)1 nm^Ommm 

ro+SIt-li, Tife©'J>^b5B^#3M*ISSB(Daffi 

i*¥®wi-^-ft-r >v-7A«§ja$w-r-55§ttBS#s 

lc3EK<tft*o 

[0 0 14] j§ttBOBI*(=lt»Lria*t?fc-5B«(0 
+HBI*. 'J XbiSBS^jWftjfenFcD^ttOTlSlilcXW 
£3fc-fgBi:ft-5«£*<fc&. +HB*«J«-r*fctf)(C 



(5) 
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ho , vt^>x. mm*. >) ^imm&^mttnatmw- 
fcot. *>ieimizm^-rzm*W)ivmmz&^-c. sit 

(=a) liaitSOT-f-Jt (=Y) ±:l;ttlit*ti-Cl**<D 
,TmB^*(D*#»g.fci*Sfc£tOTi:fcS. 4> 

SttBWB»coi/2JaT<t:-r-5tS9^WS*3ta) 

fijfflr^+HBoeai^tt. sttB*fci*u >ib?»st£ 

¥3U«SaBa>15r*i* <k -Sfe S It* „ 

[O015] *P B 1B±KIftl+£*38fU!0>;S14Bli* f> 
i?^A*Il«£Y (0<Y^1) i't5-|SSA I QG aR 

I nyN (fflL, 0^Q<U 0^R<1. Q + R+Y 

= 1) -ea=b£*tsi i iKsit«3#5»#ss^c«ja 

t5. 'J XbfflB*S#3l«:^oai4B 

I*. (Quantum Wei I : QW) «jf 

Slt-SaitBS. Gai-yl nyN (0<Y^1) 
fc€>$£aB£#jS (we I I) mkLXtoKtzm- (S 
ingle QW: S QW) SfclMi^fi (M u I t i 

qw:mqw) m&tmmi&?&z.tt,x<£z>. /<U7 

(barrier) BliglbTJUS -*7A • **'J-t»A 
(A I 1-xGaxN : O^XSD «G a N \-S P <S (0 
^<5£l) **&«|jftr*&. *S6ii8<D£5;SttBi: 

^A^lTf £#FBT?fc-I>. fito-C. U>lkIM¥9 
<*JSSB±lc*^«tai*$Sllt4l=SSL-Ct„ *fHPJ«> 
*BB*«*tf. AV7B±lcKI-ffc&. #P®?M 

■rsct«t-r*ttf, 3E*:£i6)iSiM*¥E6<)i::'f'>i?'7A 

fflfifc (=Y) -i.*rFB (SUB) £ 

*i£*J /&*<<& -5. 

[00 1 6] *«H3<DSS2©IIJ£}KS8-PI*. *F^B$it# 
$*tcj£a«ig£*rf -5 I I I -V|ft<b*1Mi*(tltta* 

e.*s*jsaB^p,«^s. wsfaass! 

(zinc blende) 0)fSai*££t;'>;i> , ;/ttt!S 
(Wu r t i i t e) (Dl I I - VSHb^^alftjSS 

*&fc*£«saB*^8ij*-f «-roeas©taa*> 
isas<Diaa3ft<sttLri^(saB**f6wci*^ea 

Birffc-f-S. «*tf. #l^>)>4bfl!$ (BP) frfc 

tc^'j >ibffl*^a9t*sas±iciftit4*rBiB*. m 

S«iffi^fl)jga«:^#t?^)U^fit^<0S1b**'J0A • -f 
>V-t7A (G al- a I n a N : 0<a^0. 5 x Y) 0) 



i=HS»tts<Dtsaiii>4**-r*fc*>. oj^ttmo^ 
aBfr*<fHB ca>«n«:nsttttsa) 
«saf*£St;*m)B*€>i*. u >iba«*¥*ttttaB 

t+IWBt©IHI«>f»»3I**tM*«^3e*a)8*»»l=jB 

fc. *IBJBI*. SttB«>jftRBtl=Krt«. T*fe<0'J>1b 
*S*£¥#(**SaB <fc y SttBflll=tt«c Lt*5'J> 
(P) £5ftiRLT. JS14Brta>'J> (P) ©S^F-iia^ 

[0 0 17] **W(Dm3a)lltS^8S-eii. *fc<*>fflB 

*±Etii*<t4tta«js*w-r-6 1 i i -v 
¥su*&aB* a. ^^^itaoit 
a*«^trnxiMt9a} i i i-v*ib4tt¥«*iga 

A>£fc&#*SaBA>f>«lfi£-f -5. «*tf. ^;uyfl£90> 

*<b#y -*a • >2?4A*&tt«ttait*ftfcnsiB- 
iiioi i i -vftib#^aii*ro^jgaBA>€.fitfi6-r 
*o i i i i«ibi»w*iraaf±Httf=**?tt&-efc 
•sfcto, 4ju?raoitAit«*t;NXiMta0!> i i i 
- v Kib**¥*itiftafr & # h *tta * *. 

«4>MI±. 4>fflBJ: I I lttB<b«HM»{*tta*&tt 
«attB£<OM«>9!ftK»*aiM*tt?£Ra2M«l=e 
BLTfiife-f *te^£l§fDL-C\ «attl=«*i-&IS14 

B£*fc<?>tf*iB£*rr.5. *fc. fWBtt, sttsa 

SttB«l=tt«LT**'J> (P) $KiRLT. St±B 

rW)u> (p) aft?tt**ni*«i=a&x*B-4-«. 

[0 0 18] **W<DS4<CHSg^S|-ei*. 'JXkffl* 

s#3n*eaB*'j>ibaib«ijR- -<>i;i>A (b a i 

nDNl-5P,J : 0<A^1. 0^D< 1 . A + D = 

k o<fi^i) ;iafre>8tj*u u ^itmm?k**to 

jSaB±l-KI+-S«l'^B$M1b7';U5-0A • #«J«>A 
• -f>$?^A (A I r G a 0 I n a N : 0<a^0. 
5. 0£jS<1. 0Sr<1. a + 0 + r=D ;iafr 
6i*L, B/OSttBSSIbTA-S^A • #>J-7A • 
-f >i?>t;A (A I QG a R I nyN : O < Y ^ 1 . O^Q 

<i, o^r<i, q+r+y=d ;1aA^e.Bfi^•r 
•5„ cc-eor^o. 5xYt«„ u Xbfilbffll* • -f 
>e>^A;ia*^i*, afit-r^a^teaizt&^B^ 
-r*'j v<bffl*£¥*{*sas£«fifc-e#*?ij£*<<fc-5 

(#B82 0 0 0-2 2 2 1 1#^«#RB) . £fc. Sib 
T^US-'PA • *f'JOA ■ -f Vi^Agai*. -a©r7 
-f K/1>K^t»? (wide bandgap) ^ 

*mst-raic»«£fcisteB£i»j*-e£*. *fc. as 

StLfc-fV^^AIiafiS (a. 1iL0<a^0. 5T»«g 

0. 5xy) R-?7&\±mo>mm7tm&-$Ajvtj: 

■5S1bT;U5-^A • ii 'J OA • A (A I r G 

a )3 I n a N : 0<a^0. 5, 0S)}<1. 0^r< 

1, a + /J + r = D jBa^&««Lf=*HBI*. 3tt 



(6) 
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-o^Anase (=y) <&Ki-fc5§ 
[0019] st,ic**W(Dm5fl>sitfi^JS-ei*. y> 

I npP : 0<AS1. 0^D< 1 » A+D=1) ;1S 

B£3<b# 'J -7 A ■ ^V^J* (Ga^ln„N:0< 
a^O. 5, 0^/S<l, or + 0 = l) ;1S*^f>fl|RK 
U J§6I$gft** l J'>A-'f> , /'>A (G a R I n 
YN: 0<Yg1, 0^R<1. R + Y=1) 
^fitf*. CCt?or^O. 5xYi:t5. BAlnQP/l 
ftl*«l)«5cSlA<«fey'>*<. SEoT, y ><bfl8SS2i¥i» 

«s£»3 e vmikt-rzm*i*<D>)>imm (bp) js 

&B^t>l4. j£t£B (*#B) lc*t*-£J$SB (^^ 
KS) £fc*yMblI*£*#{*e&B£fliI«-e£.5, 
*fc. K3I (O) 3?<D*|iS1&£^t;£«tt<&y ><bWI3JS 
(bp) jSSB*^li, fl?*.l4\ FETfflllO«i§$ 
«J*-e#*. *IBiB£-f :/?9AMjftlilli::*-« 

^SXT^SS'l^aiJfcafcto, 5XZ7-f'Vh (mi 
s f i t) ISi4^a)^ft*R8®S©ffit^fiM<Ojg1±B$ 

'VflSH^SA^^-S+HBIi. $SS*Rlffi£0>'>fcl^fS 
Sttl-SJi* 5S14B £ * fc h> "Tl- RiKT? # * „ 
[0 0 2 0] II I -v8Hb£1&¥*fc|gilfre.fc-S4> 
MBI4. y >ftW***ilW*iaSBrttM*attBi:H« 

i=. mm*mik&tb%wm& (mocvd 

ft) ^(Ofi6S¥S(cJ:yfi6Kt?#i>. «*.!*. h'Jif 
;Hffl* ( (C2H5) 3B) /->^p^>^i?i=.;u-o 

(C5H51 n> /Tt-x^p-f > (PH3) mn&M 

OCVD&f=4ftyjftfit'e$$. MX (Lewi s) & 

5 I n£-r>S?OAJS;fti:-r*U*, PH3t(D^y-7— 
(po I yme r) <bKJ&A<fflJi&li3f*U «EE (B8*Sl 
EE) T©MO C V DS-CtSf ®-f ViJ'JA^^tS 
•MBBtBltfC** (0*ISft2O98 3 8 8t# 

HR) „ MOCVDaHctty«t>HB*«K-r-5(=IBL, ■* 

©Bffi*. tt*JMta*tt±^«>fl* (b) 

-7^ (i n) sea> 1 1 1 mmf&7bmo>inm<z>m&*a.ifi 

*©«t£B$IWI=J:yiHflp-C#*. 4>IMa>«f >2>4.Mi 

* (=0) 1*. 11 1 «s«j*7c£(Z>{ft*&»a>&*ic*t-f 

*fc. *F B lB<0*-\"J7'ai*l*. I I lMi«tiit5c 

(BIR. V/ 1 1 lit*) £®fi. atR-r*-iic« 
njB©«tiiaB*»-6i=a-r45F««jiLTi*. a 

*(Si) . tS (Sn) * «tft (S) . tl/> (So) 



*>^JU)U (To) p»J)F-/Oh 
(dopant) I~f4. S.fQ (Z n) , if*. is VI* 
(Mg) , &Sfc (C) 

[0021] MocvDiSicty. &*«tta*«(±i= 
tsi+c*vfc«iiji«, m*{*a>y >ibwn (bp) ma* 

b^S'J Mfcffl!*S*3M**£aB-tl=. g<b7)U5-«7 
A • UWJ* ■ •< (Al r Ga/SlncrN:0 
<a^0. 5, O£0<1. 0^r<1» a+/9 + r = 
1) SSA^&*«*tl**mB*fiHB^-*l=l»L, y> 
<bffl8SH£SlBi4#)7 5 o'c-ite 1 2 o o'crotsffl-e, fi£ 

flg-t .?><*>;!><»£ LL\, «i) 1 2 0 0°C£igx*HST?l4. 
B6P> Bl3P2$0>£*t*:<Dy XbW*ttSA<^dl* 
*U *B(*©yMbai*A^<E*«SH«:iaSfli6<»&*i 

rare&«. *rBiBii**t<fcyffis©8i7oo o c~ia 
9 5 o%o«sBTNiU**-«a>«<a-r «. -f >s?-7A*flfi8 

(a) £*£-f SCRUBS. JftMME£1EiB&-4-«&. 
¥fi<ca®<0*HBA^e>*t-5. 7)U5^-7A (A I) 

I l»fift:»**«:«ABA*S>&*4»MB*J* 
■tittt. JttKcME*. ±E0>»«8SHl*iT?ttlttttJfS 

at-r-5«>A<a-r*. f miB±i=«B-r-6aitB*. -r 

-C#«ftA«tft«. "flWBtfl^JSttB©* >i?«7A*§ 
JS (a£fcl4Y) 14. xMHSrS. 2»-r^-> 

ff«#*T)4 (S I MS) . {>x (Auger)M 

»«f* (AES) $<DifflJ5£##r*ja$fJfflLT3£«-C# 

So 

[0 0 2 2] 

[f^ffl] V^OA^tttS I I I 

JSfift1jli|4a«*ttaB^6<?*SttBi:©«t"IIIll=»l+6' 
SttBcO-OiJ^AIifiSSSlc^S^fc-Oi? 

« jSttB * t fc & -r « $ =rr . 

[0 0 2 3] *fc, !SttB<0-f >5?-7Affl«*»l=«a 
af*^#t*jSSB^€>'E£-S+raB(4> jSSttlcgtiS 
[0 0 2 4] 

[*ikffi] yxbw*3R*3»(**^&ft*3e3t^* 

— K (LED) «ffHUfe«il=«lf-C. 
^(*6<Jl-ijilB-r*o *5IJ6ffll=fi6tP-5LED 1 B<Djpa 
a^0$El3ir^t-, S3(c^-r««Sx-x' iz 
ifiofcLED 1 B(DBTi5SSCia^S4lZ^-r. 
[0 0 2 5] LEDIBMOagijlttlAli. (1 

1 1) issB^aa t-r&mm (b) zmnaLtzprna) 

S i mi§g£*« 1 0 1 i LTtt^Lfc. ss 1 o 1 ± 
l-li. h'Jx^;Hffl3R ( (C2H5) 3B) 0 
(PH3) /KM (H2) ^«EEMOC VDSC*y. 3 
5 0°C-e. as-grownttffi-eMIJiWtti 
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O20Bff(*$*)1 OnmtLt. ISSS1 O 205SSIC 
I*. ±fc<DMOCVDSU§J«g^K£f<JfflL-C\ 105 
0°Cr-)«S$1±fcp^<D**«:'J><kfflB3R (BP) £A 
fr&fc* 'J ><bW*S^#*SSSB 1 O 3 £BB Lfc. 
P H*05 'J ><bB3SS£¥B«:JSAB 1 O 3 05** 'J 7«& 
l*i^)7 x 1 0l8 cm -3£ U *fc. BJH*I&4 OOnm 
t Lf=. p JK05 'J MbB3&£¥SIH**£AB 10 3$%t 
»»t*:05BPB05£S^058lt»|gf**JL 3. OeV 

[0 0 2 6] P fl20>U:^bB5fc£¥BtM8ABl 03± 
HJ *T)l>1i')Ol* ( (CH3) 3Ga) /*>$Q 
'•OS vx ~;u-f >vOA (C5H5 I n) /T^^-T 

(NH3) /H2^«BEMOCVD5S(=«fcy» -f^A 
*aiifc£0. 0 6 (=6%) t-r-S^^^fltjSSMcOn^ 
QMUVO-U- 'O's'SU (G ao. 94 I n0.06N) 

«*IHB 1 0 4 £»B Lfc„ *mm 1 O 4 05Bj»SS 
ttBOOlCiU £fc. Bffl*1 5nmiU:. SiSS! 
B*B«*« (T EM) «Bl^KBTEM(ft&tfMIK«| 
BS ; F«I1I«H»^&. +HB1 0 4<Drt»(=(*waEIB 
«fi^05«3A<* 1 0 4a05#*EA<JiiS£;Kfco @A(*1 O 
4 a f*Bl=. 'J Xbffl*S**«:jgSB 1 O 3 £0>tei$ 
#®05>ft«05fliitl::£<??£l,TL>fco *SAi*1 04a 

[0 0 2 7] <fB1Bl 0 4 05BBJ:l=li» 
fi6£0. 1 5 (=1 5%) t-r-5'7'Wffil!(D^* (S 
i) K— ^nBfiflsff'J^A • -OS^A (G a 0.85 I 
n 0 .15N) fr&tt«»ttB (BXB) 105£*t«L- 

f=. aits 1 o 5<nj&mumt. *mm io4^i:< 

8 0 0°C£:U SIIi|!l3 0 0nmtl,fc. Site 
B1 O 5<0*A"J7;*£l±|i?l6 x 1 o17 C m-3|=S;^L 

fco 2;*-f*>st*#*rj£ (sims) cttuttflLfe 

B5l=iM-Ja<. +F5B1 0 4tro^#HlzS-5j£. 
fto. 1 5 t«3-t?&ofc. 4>MB1 0 4^<0i^|jii 

<oia«o>sttBi o 5<owspfii«icj$i+^'j> (p) m 

^a>»Jtli$?l 1 x 1 0 18 c m-3*-ST?fe y s p MO) 'J > 
fl:B«B¥*14ilSAB 1 O 3 «fc y fctkLT** 'J > 

(p) B^i=*t-r*+MB 1 o 4<j>mmifcmt><m%i$ti 

Xl^tzo ififflTEMttJ*ICj:*a«-ei*. 'JMfc 

«SB*S#0I«:B1 0 3A>e,;iteBl 0 5rtl=JtBLT< 

[0 0 2 8] BttBi 0 5±|CI4, BSftaur/fcBB 

(bp) *^fc£n^05y><bB*£*Bt«saBi o 

6 £ BB L fc. n V ><bi»*aUfi3M*l§ AS 1 O 6 
0**<)Tmmitmi x 1 o19cm-3,!:U *f=. IV 
l*iKl4 0 0nm < !:Lfc. n S>05 >) ><bfl83?lfc¥«<*$SA 
B1 0 6B, m&T*<»m±%i<®Z*lR. 3. OeVtt 
UXtflBMA <fc y«j£Lfc. n«*05'JMb 
H*m¥3H**SAB 10 6atfpWJ ><bB3fc&*B 



(*©sb 1 o 3 tm\±m 1 o 5 t^e.. 4>ras 1 o 4 1 

p B U XbBB A¥B<*B AB I03t©pn fg^tSig 
*<fjlfcy^;u^TO (DH) Big0563feSP««fiRL 

[0 0 2 9] nfl205U><b?fflStSMNit*lSABl 0 6 05 
BBa>«|iA»i=(*, |gBBa>4j£*«€£fe«3Bft& 

odbb*— 5 ??bbi o 7 £eeLfc„ gat-i-j 

9M1 O 7 IJIE&£lfSl 1 ZO Umt-T^Pimt^tzo 
BB:*— 5 <v 1 O 7 05. n »'J XbBBWIIfttt 

abi o 6i«®-rssfii o7aii. * (au) 

;UV=.-7A (Ge) £$<&Jtffi38BI!g (fll»=7 00n 
m) fr&BlifcLfc. Au ■ GeSSItH 0 7 a 05± 
lZ{ts -V*ri\, (N i ) Jl£i&g»|g (BIW= 1 0 0 n 

m) 1 07 bWLmtnttz. n i x,&.mmmi 07 b05± 

1=1*. A u jIgg&BB (IISB= lOOOnm) 107c 
£«B£-a-fc„ pflSS i BBAABl O 105SH® 

ttSSfflLT, S«1 O 1 05B®05BS±®^I*. 7 JUS 
= «7A (A I) (Bff= 7 O O n m) J&N&fc 

Sait-S->7181 0 8£EBLfc. *05&. BB 
BB{*1 A«. Sffil O 1 05S i m$g&05<2 1 1 >S 

$«J3 5 0/imfr-5IE»JK05LED 1 BtLfc. 
[0 0 3 0] Sffit-5-^tffi1 0 7tgft-5f 
•9SB1 0 8^05^1=. mJ5fal-ZOS>)7>'<7 (m 
A) 05ft^m3SSjl5!£L. LED 1 B053g3M#14£iSSE 
Lfc. S§3t*'£>»fi»44 6 0nmi:/d:o7=. 4>^B 1 O 
4<0-f>i5'?Affl« (=0. 0 6) SttBl 0 5 05 
-C>i?^i»lflfi6 (=0. 1 5) 05*flt (=1/2) KIT 
tLfcfcft, Z<D±tzin%^^ hiHa*H=ffl*WEf 
*3tl*E40f>*vf. SBifeCMMiiH (— FWHM) ««2 
Onmi-r*mfett(C«*l*=fe05-C?fcofc, 
B©«B-r*B«(**«t?«B!^&a-54"IWBi 0 405 
f*BI=«ky. Kili£i405'>fcl\ s S1±Bl 05$tfc«.t 
:ii'Hi*fcfcft. -)»05B»«$ffifflL.T^-v^ (c 
hip) ttf®-eH-;H;**i-i>3&l*9 S'J*>f7 (mc 
d) fcfcofc. a«05fi35-mtt (I -V) 

&tLfcKl^l6lBffi (Vf) UK 3. 7 V (MtS 
Ulta=2 0mA) -e&ofc. *fc. Jfi^lfilB3SE*<1 O 

w Aiciiia-rsfigo5min?fc5jsi^isjmiE (vr) i*^ 

1 ovfiLL-CftU. ABftpnttftBtt (B35#tt) A< 

LoofioiKEttl-SH-S) 'J >ftBB5R#jW*L E DA< 
BB$4i««B^ttofe. 
[003 1] 

[%9305$lj|l] BBBBA^&«:«BB^. 
l+e.^='J>1bra*m#B«:jaAB<t. UVIbBBA^ 
»*<SAB-tl=Klt &*ifcSttB05T*6B & 4: « 4>HB 
*P^B±l=-f>i?'7A*iia*Y (0<Y^D t-r 
S I I lBS1bB¥B^BB^&)S:-SBttB^$fi|BL 
TU><bB*£¥BttB^£BJ*-r«l=IBU *«w-e 
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OAiaia<7)i/2jyT<o-«'>i?OAja/a«)i i i-vjs 

Kit. L E D$<0 'J ><bfli*^aitt:#l*Sl^lcfco 

[0032] ^ttfewvit. +ras<o-i'>y^AiBfig 

[0®(DjSiJlfcift(Un 

[0 3] *XH0£t&tt(::a«LEDa>?ffitt£H-Cfc 

4o 



[B4] H3l=jM-*«X-X' l=;tt-3fcLED<7)»r® 

[0 5] *»M(D*Jfi«lz«*3*SttH«)aSSSifil(D-< 
> 5? 0 AM j*a*Mi * mt 0 T? ft 4 , 

1 a (led) mmmmm'&i* 

1 B LED 

10 1 sts 

1 0 2 H«J3 

10 3 pffJCD'J ><bffl*S*3H*JSS® 
1 0 4 *F B 1S 
10 4a SSHt* 
1 0 5 SttH 

106 nf&a>>) ^immm*3H*t£M>m 

107 S®^— 5-y^m« 
10 7a A u • G e KffiUJSK 
10 7b N i 

107c Aum&mmm 

108 B®*-5 -v^Sffi 




[04] 



[05] 



1 A 



*HJ» (10 4) 




